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(54) Semiconductor device having shallow impurity region without short-circuit between gate 
electrode and source and drain regions and process of fabrication thereof 



(57) Elevated source and drain regions (I4a/14b) 
epttaxially grown on both sides of a gate structure (1 1 i) 
cause a dopant impurity to form an extremely shallow p- 
n junctions (I5a/1 5b) in a semiconductor substrate 
(10a) so as to prevent a field effect transistor from a 
short channel effect and side wall spacers (I1c/lld) 
include pad layers (1 1 e/1 1f) of silicon nitride and spacer 



layers (1 1g/11h) of silicon oxide formed on the pad lay- 
ers so that the elevated source and drain regions 
(14a/14b) form boundaries to the pad layers (11e/1if) 
without a facet and a silicon layer on the spacer layers 
(iig/llh). 
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Description 

FIELD OF THE INVENTION 

This invention relates to a semiconductor device 
and, more particularly, to a structure of a semiconductor 
device having shallow impurity regions without short-cir- 
cuit between a gate electrode and source and drain 
regions and a process of fabrication thereof. 

DESCRIPTION OF THE RELATED ART 

A semiconductor integrated circuit device is pro- 
gressively increasing the circuit components integrated 
on a semiconductor chip. and. accordingly, the manu- 
facturer makes research and development efforts to 
scale down the circuit components, A field effect transis- 
tor is an important circuit component and the gate width 
or the channel length is shrunk to 0.1 micron or less. 
However, the punch-through phenomenon tends to take 
place between the source region and the drain region of 
the miniature field effect transistor, and the short-chan- 
nel effect due to the punch-through phenomenon dete- 
riorates device characteristics of the miniature field 
effect transistor such as a switching function and a 
power consumption. 

It is known that shallow source and drain regions 
are effective against the short-channel effect One of 
the approaches to form the shallow source and drain 
regions is disclosed by Kimura et. al. in "A 0.1 micron- 
gate Elevated Source and Drain MOSFET fabricated by 
Phase-shifted Lithography", Technical Digest of IEDM, 
1991, pages 950 to 952. Kimura et al. elevates the 
source and drain regions over the channel region by 
using a selective epitaxial technique. The elevated 
source and drain regions decreases the effective depth, 
and prevent the field effect transistor from the short- 
channel effect. 

The elevated source and drain regions are formed 
as follows. Figure 1 illustrates a field effect transistor 
with the elevated source and drain regions. Firstly, a 
gate structure 1 is formed on an active area defined by 
a thick field oxide layer 2 selectively grown on a semi- 
conductor substrate 3, and epitaxial silicon layers 4a 
and 4b are grown over exposed areas on both sides of 
the gate structure 1 . The gate structure 1 includes a thin 
gate insulating layer 1a on a channel region 1b, a gate 
electrode 1c of polysilicon formed on the thin gate insu- 
lating layer 1a and insulating side wall spacers 1d and 
1 e formed of silicon oxide on side surfaces of the gate 
electrode 1c. The epitaxial silicon layers 4a and 4b swell 
into eminences, and, accordingly, the top surfaces of 
the epitaxial silicon layers 4a/4b are higher than the 
channel region 1b. 

A dopant impurity is ion implanted in a self-aligned 
manner with the gate structure 1, and converts the epi- 
taxial silicon layers 4a/4b and extremely shallow surface 
portions 3a/3b of the semiconductor substrate 3 to the 
opposite conductivity type to the semiconductor sub- 



strate 3. The epitaxial silicon layers 4a/4b and the 
extremely shallow surface portions 3a/3b form a source 
region 5a and a drain region 5b, respectively. The pro- 
jection range of the accelerated ion is partially con- 
5 sumed by the epitaxial silicon layers 4a and 4b, and, for 
this reason, the p-n junctions 4c and 4d of the source 
region 5a/draJn region 5b are shallower than 
source/drain regions formed without the epitaxial siBcon 
layers 4a and 4d. Thus, the epitaxial silicon layers 4a 
w and 4b decrease the effective depth of the source 
region 5a and the drain region 5b with respect to the 
channel region 1 b, and are expected to prevent the field 
effect transistor from the short-channel effect. 

However, the prior art field effect transistor encoun- 

15 ters a problem in that the short-channel effect still takes 
place. In detail, when the silicon layers 4a and 4b are 
epitaxially grown, the manufacturer selects the deposit- 
ing conditions in such a manner as to deposit the silicon 
over the exposed silicon surfaces without a growth on 

20 the side wall spacers 1d and le. However, such a large 
selectivity results in facets 6a and 6b at the boundaries 
between the epitaxial silicon layers 4a/4b and the side 
wall spacers 1d/1e as shown in figure 2. The acceler- 
ated ion deeply penetrates through the facets 6a/6b into 

25 the semiconductor substrate 3. and the impurity profiles 
4c74d' of the surface portions 3a73b' have inside sub- 
portions 4e' and 4f under the side wall spacers 1dfle. 
Even though the epitaxial silicon layers 4a/4b make the 
central sub-portions of the surface portions 3a73b' shal- 

30 low, the facets 6a/6b decrease the effective thickness of 
the epitaxial silicon layers 4a/4b, and the inside subpor- 
tions 4e' and 4f become deep enough to aflow the 
short-channel effect to take place. 

On the other hand, if the depositing conditions are 

35 selected in such a manner as to make the selectivity 
small, the epitaxial silicon is grown on not only the 
exposed silicon areas but also the side wall spacers 
1d/1e of silicon oxide, and undesirable short-circuit 
takes place between the gate electrode 1c and the 

40 source/drain regions 5a/5b. Thus, there is a trade-off 
between the prevention of the short-channel effect and 
the prevention of the short-circuit. 

SUMMARY OF THE INVENTION 

45 

It is therefore an important object of the present 
invention to provide a field effect transistor which is pre- 
vented from not only the short-channel effect but also 
the short-circuit 

so n is also an important object of the present inven- 
tion to provide a process of fabricating the field effect 
transistor which prevents the boundaries between epi- 
taxial layers and side wall spacers from lacets without 
sacrifice of selectivity of the epitaxial growth. 

55 The present inventor contemplated the problems 
inherent in the prior art field effect transistor. The 
present inventor noticed that a facet hardly took place h 
a boundary between insulating material and semicon- 
ductor material which has a small selectivity of epitaxial 
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growth to the insulating material. If side wall spacers 
were formed partially of a kind of insulating material less 
selective to the epitaxial growth of the semiconductor 
material for preventing the boundary from the facet and 
partially of another kind of insulating material much 5 
selective to the epitaxial growth of the semiconductor 
material for preventing a short-circuit the composite 
side wall spacers would prevent a field effect transistor 
from both of the short-channel effect and the short-cir- 
cuit. 10 

To accomplish the object the present invention pro- 
poses to use side wall spacers partially formed of a kind 
of insulating material having a small selectivity of epitax- 
ial growth to a semiconductor material and partially 
formed of another kind of insulating material having a is 
large selectivity ol epitaxial growth to the semiconductor 
material. The typical example of the insulating material 
available for the side wall spacers were silicon nitride 
and silicon oxide. 

In accordance with one aspect of the present inven- so 
tion, there is provided a semiconductor device having a 
field effect transistor formed on a semiconductor base 
layer, the field effect transistor comprising: a gate insu- 
lating layer formed on a first area of the semiconductor 
base layer; a gate electrode formed on the gate insulat- 25 
ing layer; side wall spacers formed on second areas of 
the semiconductor base layer on both sides of the first 
area, and held in contact with side surfaces of the gate 
electrode, the side wall spacers including pad layers 
formed of a first insulating material and respectively so 
having first bottom surfaces respectively held in contact 
with the second areas, first upper surfaces and first side 
surfaces, and spacing layers formed of a second insu- 
lating material and respectively having second bottom 
surfaces respectively held in contact with the f irst upper 35 
surfaces of the pad layers; and source and drain regions 
including conductive layers formed of a semiconductor 
material epitaxiaHy grown on third areas on opposite 
sides of the second areas to the first area and having 
second side surfaces respectively held in contact with 40 
the first side surfaces, the semiconductor material hav- 
ing a small selectivity of epitaxial growth to the first Insu- 
lating material and a large selectivity of epitaxial growth 
to the second insulating material, and impurity portions 
of the semiconductor base layer respectively providing 45 
the third areas overlain by the conductive layers and 
opposed to each other through the first area. 

In accordance with another aspect of the present 
invention, there is a process of fabricating a semicon- 
ductor device having a field effect transistor, comprising so 
the steps of: a) preparing a semiconductor base layer; 
b) forming a gate insulating layer on a first area of the 
semiconductor base layer; c) forming a gate electrode 
on the gate insulating layer; d) forming side wall spacers 
held in contact with side surfaces of the gate electrode, ss 
side surfaces of the gate insulating layer and second 
areas of the semiconductor base layer on both sides of 
the first area, each of the side wall spacers including a 
pad layer ot a first insulating material held in contact 



with one of the second areas and a spacer layer of a 
second insulating material formed on the pad layer; e) 
epitaxially growing a semiconductor material on at least 
third areas of the semiconductor base layer on the 
opposite sides of the second areas to the first area for 
forming semiconductor layers on the third areas, the 
epitaxial growth of the semiconductor material being 
carried out under conditions imparting a small selectiv- 
ity between the semiconductor material and the first 
insulating material for forming the semiconductor layers 
without a facet in boundaries to the pad layers and a 
large selectivity between the semiconductor material 
and the. second insulating material for preventing the 
spacer layers from a deposition of the semiconductor 
material; and f) introducing a dopant impurity through 
the semiconductor layers into a shallow surface portions 
of the semiconductor base layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The features and advantages of the semiconductor 
device and the process according to the present inven- 
tion will be more clearly understood from the following 
description taken in conjunction with the accompanying 
drawings in which: 

Fig. 1 is a cross sectional view showing the ion- 
implantation in the process of fabricating the prior 
art field effect transistor; 

Fig. 2 is a cross sectional view showing the facets 
produced at the boundaries of the epitaxial silicon 
layers and the side wall spacers; and 
Figs. 3A to 3F are cross sectional views showing a 
process sequence for fabricating a field effect tran- 
sistor according to the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

A process of fabricating a field effect transistor 
embodying the present invention starts with preparation 
of a semiconductor substrate 10, and a well 10a is 
formed in the surface portion of the semiconductor sub- 
strate 10. If the field effect transistor to be fabricated is 
an n-charmel type, the well 10a is doped with p-type 
dopant impurity, and the semiconductor substrate 10 is 
opposite in conductivity type to the well 10a. On the 
other hand, when a p-channel type field effect transistor 
is fabricated, a p-type semiconductor substrate 10 is 
prepared, and an n-type dopant impurity is introduced In 
the surface portion of the p-type semiconductor sub- 
strate 10. The dopant impurity is introduced into the sur- 
face portion of the semiconductor substrate 1 0 by using 
an ion-implantation or a thermal diffusion, by way of 
example. 

A thick field oxide layer 10b is selectively grown in 
the well 10b, and define an active area 1 0c assigned to 
the field effect transistor. The active area is exposed to 
an oxidizing ambience, and a surface portion of the well 
10a is thermally oxidized so as to cover the active area 
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10c with a thin oxide layer. In this instance, the thin 
oxide layer is 5 to 6 nanometers thick. 

Subsequently non-doped polysllicon is deposited 
to 200 nanometers thick by using a chemical vapor dep- 
osition, by way of example, and a non-doped polysilicon 5 
layer is laminated on the thin oxide layer. In this 
instance, the non-doped polysilicon layer is of the order 
of 200 nanometers thick. 

Photo-resist solution is spun onto the non-doped 
polysilicon layer, and is baked so as to cover the non- 10 
doped polysilicon layer with a photo-resist layer (not 
shown). A pattern image for a gate electrode is optically 
transferred from a reticle (not shown] to the photo-resist 
layer, and a latent image is formed in the photo-resist 
layer. The latent image is developed in developing solu- is 
tion, and the photo-resist layer is formed into a photo- 
resist etching mask (not shown) . 

The photo-resist etching mask exposes the non- 
doped polysilicon layer and the thin oxide layer on both 
sides thereof to etchant, and the non-doped polysilicon so 
layer and the thin oxide layer are patterned into a gate 
oxide layer 11a and a non-doped polysilicon gate 11b 
as shown in figure 3A. The process sequence until the 
patterning stage is similar to that of the prior art proc- 
ess. The sub-area beneath the gate oxide layer 11a 2s 
serves as a channel region, and is corresponding to the 
first area. 

Subsequently, silicon nitride is deposited over the 
entire surface of the resultant structure shown in figure 
3A, and the resultant structure is covered with a silicon 30 
nitride layer 12a. A thermal chemical vapor deposition 
or a low pressure chemical vapor deposition is available 
for the silicon nitride layer 12a. The silicon nitride layer 
12a is as thick as epitaxial silicon layers grown in a later 
stage, and is 30 to 50 nanometers thick in this instance. 
Silicon oxide is deposited to 50 nanometers thick over 
the silicon nitride layer 12a by using a thermal chemical 
vapor deposition, and a silicon oxide layer 12b is lami- 
nated on the silicon nitride layer 12a as shown in figure 
3B. 

The resultant structure shown in figure 3B is placed 
in a reaction chamber of a reactive Ion etching system 
(not shown), and the silicon oxide layer 12b arid the sil- 
icon nitride layer 12a are subjected to an anisotropic ion 
etching. The anisotropic ion etching vertically proceeds, <s 
and the silioon oxide layer 12b and the silicon nitride 
layer 12a are partially etched away so as to form side 
wall spacers Hc/1 Id. 

The side wall spacers Hc/Hd have pad layers 
Ha/11f of silicon nitride and spacer layers 11g/11h of so 
silicon oxide 11g/nh. The pad layers 11e/nf have a 
cross section shaped into an L-letter configuration. The 
bottom surfaces of the pad layers 1 1 e/1 1 f are held in 
contact with the well 10a on both sides of the channel 
region, and the vertical inner surfaces of the pad layers 55 
1 1e/1 1f are held in contact with the side surfaces of the 
gate oxide layer 1 1 a and the side surfaces of the non- 
doped polysilicon gate electrode 11b. The areas on 
both sides of the channel region serve as the second 



areas. 

The spacer layers 1 1g/1 1 h are formed on the pad 
layers 11e/11f, and the vertical inner surfaces of the 
spacer layers 1 1g/1 in are held in contact with the verti- 
cal outer surfaces of the pad layers 11e/11f, respec- 
tively The gate oxide layer 11a, the non-doped 
polysilicon gate electrode 1 1b and the side waO spacers 
11c/l1d form in combination a gate structure 11i. The 
resultant structure of this stage is illustrated in figure 3C. 

Subsequently, the resultant structure is placed in a 
reactor 1 3a of a chemical vapor deposition system 13, 
and the surfaces of the well 10a are undesirably cov- 
ered with thin natural oxide films (not shown) before the 
entry into the reactor 13a. The reactor 13a defines a 
reaction chamber 13b, andasuceptor 13c is provided in 
the reaction chamber 13b. The semiconductor substrate 
10 is placed on the suceptor 13c. The suceptor 13c has 
a heater 13d and a gas conduit 13e. The heater 13d is 
connected through a variable resistor 13f to an electric 
power source 13g, and the variable resistor 13f is used 
for changing the temperature around the semiconductor 
substrate 10. On the other hand, the gas conduit 13e is 
connected to a gas supply sub-system 13h, and the gas 
supply sub-system 13h supplies gaseous mixture of 
SiaHe and through the gas conduit 13e to the 
reaction chamber 13b. The reaction chamber 13b is fur- 
ther connected to a vacuum pump I3i, and the vacuum 
pump 13i develops vacuum in the reaction chamber 
13b. 

First, the vacuum pump 131 creates vacuum equal 
to or less than 10* torr in the reaction chamber 13b. and 
the heater 13d heals the semiconductor substrate 10 
between 800 degrees and 900 degrees in centigrade. 
The natural oxide films are removed from the surfaces 
35 of the well 10a. 

Subsequently, the temperature of the semiconduc- 
tor substrate 10 is decreased to 600 degrees to 650 
degrees in centigrade, and the gaseous mixture of 
SfeHs and B 2 H 6 is introduced into the reaction chamber 
13b. Then, silicon is epitaxially grown on the surfaces of 
the well 10a and the top surface of the non-doped poly- 
silicon gate electrode lib, and the surfaces of the well 
10a and the top surface of the non-doped polysificon 
gate electrode 1 1b are covered with sBicon layers 14a, 
14b and 14c as 'shown in figure 3E. The silicon layers 
14a and 14b is as thick as the pad layers 11e/11f, and 
the thickness of the silicon layers 14a and 14b ranges 
from 30 nanometers to 50 nanometers in this instance. 

Although the surfaces of the well 10a and the top 
surface of the non-doped polysilicon gate electrode 1 1b 
are covered with the silicon layers 14a to 14c, the 
spacer layers 1 1 g and 1 1 h are not covered with a silicon 
layer, because the silicon has a large selectivity to the 
silicon oxide under the afore-mentioned depositing con- 
ditions. For this reason, the non-doped polysilicon gate 
electrode 1 1 b is never short-circuited to a source region 
and a drain region. 

On the other hand, the silicon ha6 a small selectivity 
to the silicon nitride under the aforementioned depdsrt- 
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ing conditions, and a facet does not take place in the 
boundaries between the pad layers 11 e/1 1f and the sil- 
icon layers 14a/14b. For this reason, the silicon layers 
14a/!4b uniformly keeps the effective thickness over the 
surfaces of the well 10a. The surfaces of the well 10b 
serve as the third areas on the opposite sides of the 
second areas to the first area. 

Subsequently dopant impurity is ion implanted 
through the silicon layers 14a to 14c into surface por- 
tions 1 0d and 1 0e of the well 1 0a. If the field effect tran- 
sistor to be fabricated requires an n-type conductive 
channel, arsenic is ion implanted at dose of 3 x 1 0 1S cm" 
2 under the acceleration energy of 50 keV. On the other 
hand, if the field effect transistor requires a p-type con- 
ductive channel, BF 2 is ion implanted at dose of 3 x 10 15 
cm 2 under the acceleration energy of 70 keV. Not only 
the silicon layers 14a to 14c but also the surface por- 
tions 1 0d/1 Oe and the polysilicon gate electrode 1 1 b are 
doped with the dopant impurity, and the dopant impurity 
is diffused into the surface portions beneath the side 
wail spacers 11c/11d during a lamp annealing at 1000 
degrees in centigrade for 10 seconds. 

The silicon layers 14a and 14b of the uniform thick- 
ness consumes the projection range of the ion- 
implanted dopant impurity, and causes p-n junctions 
15a and 15b to extend substantially in parallel to the 
major surface of the semiconductor substrate 10 as 
shown in figure 3F. In other words, the surface portions 
15a/i5b are so shallow without a partially deep portion 
that the short-channel effect is hardly take place. 

The silicon layers 14a/ 14b and the surface portions 
1 0d/i Oe serve as a source region 1 1 j and a drain region 
11k, and the gate structure 11i, the source and drain 
regions 11 j/1 i k and a channel region 11m between the 
surface portions I0d/10e as a whole constitute the field 
effect transistor. 

Though not shown in the drawings, the resultant 
structure shown in figure 3F is covered with an inter- 
level insulating layer, and through-holes are formed in 
the inter-level insulating layer so as to provide electrical 
connections between the field effect transistor and 
upper wirings on the inter-level insulating layer. 

As will be appreciated from the foregoing descrip- 
tion, two kinds of insulating material prevent the field 
effect transistor from the short-circuit and the short- 
channel eff ect by virtue of the different selectivity of epi- 
taxial growth of silicon, and the field effect transistor is 
improved in reliability. 

Although a particular embodiment of the present 
invention has been shown and descrtoed, it will be obvi- 
ous to those skilled in the art that various changes and 
modifications may be made without departing from the 
spirit and scope of the present invention. 

For example, the two kinds of insulating material 
are not limited to the silicon oxide and the silicon nitride. 
Any two kinds of insulating material are available for the 
side wall spacers in so far as an epitaxial semiconductor 
material has a selectivity therebetween. 

The field effect transistor according to the present 



invention may form an integrated circuit together with 
other circuit component elements such as a capacitor 
and resistor. 

The field effect transistor according to the present 
5 invention may be a thin film transistor. 

The gate electrode may have a polyside structure 
or a refractory metal siGcide structure. In this instance, 
the dopant impurity is only introduced through the sili- 
con layers 14a/14b into shallow surface portions 
to 10d/10e. 

Any two kinds of insulating material are available for 
the side wall spacers 1 1c/lld in so far as an epitaxial 
growth of semiconductor material achieve different 
selectivity therebetween. 

i5 (n the above described embodiment, the gaseous 
mixture of Si 2 H6 and is used for the selective 
growth of silicon. However, the gaseous mixture intro- 
duces boron into the silicon. The boron is not problem in 
the p-channel type field effect transistor. However, if a 

20 field effect transistor hates the boron, Si 2 H 6 is used for 
the selective growth. 

Claims 

25 1. A semiconductor device having a field effect tran- 
sistor formed on a semiconductor base layer (10a), 
said field effect transistor comprising: 

a gate insulating layer (11a) formed on a first 
3D area of said semiconductor base layer; 

a gate electrode (11b) formed on said gate 
insulating layer; 

side wall spacers (1 1c/1 1d) formed on second 
areas of said semiconductor base layer on both 
55 sides of said first area, and held i n contact with 

side surfaces of said gate electrode: and 
source and drain regions (1 1j/1 1 k) inclucfing 

conductive layers (I4a/I4b) formed of a 
40 semiconductor material epitaxially grown 

on third areas on opposite sides of said 
second areas to said first area, and 
Impurity portions (10d/10e) of said semi- 
conductor base layer respectively provid- 
es ing said third areas overlain by said 
conductive layers and opposed to each 
other through said first area, 

characterized in that 

so 

said side wall spacers include 

pad layers (1 1 e/1 1f) formed of a first insu- 
lating material and respectively having first 
55 bottom surfaces respectively held in con- 

tact with said second areas, first upper sur- 
faces and first side surfaces, and 
spacing layers (Hg/lh) formed of a sec- 
ond insulating material and respectively 
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having second bottom surfaces respec- 
tively held in contact with said first upper 
surfaces of said pad layers, 

said conductive layers (14a/14b) having sec- 
ond side surfaces respectively held in contact 
with said first side surfaces, 
said semiconductor material having a small 
selectivity of epitaxial growth to said first insu- 
lating material and a large selectivity of epitax- 
ial growth to said second insulating material so 
as to prevent boundaries between said conduc- 
tive layers and said lad layers from a facet and 
said spacer layers from a deposition of said 
semiconductor material. 

The semiconductor device as set forth in claim 1, in 
which said semiconductor material, said first insu- 
lating material and said second insulating material 
are silicon, silicon nitride and silicon oxide, respec- 
tively. 



w 



15 



20 



The semiconductor device as set forth in claim 1 , in 
which said first side surfaces have a height from 
said second areas approximately equal to a height 25 
of said second side surfaces from said third areas. 

The semiconductor device as set forth in claim 3, in 
which said height of said first side surfaces and said 
height of said second side surfaces range between so 
30 nanometers to 50 nanometers. 

A process of fabricating a semiconductor device 
having a f ield effect transistor, comprising the steps 
of: 35 



a) preparing a semiconductor base layer (10a); 

b) forming a gate insulating layer (11a) on a 
first area of said semiconductor base layer; 

c) forming a gate electrode (11b) on sad gate 
insulating layer; 

d) forming side wan spacers (11o/11d) held In 
contact with side surfaces of said gate elec- 
trode, side surfaces of said gate insulating 
layer and second areas of said semiconductor 
base layer on both sides of said first area; 

e) epitaxialiy growing a semiconductor material 
on at least third areas of said semiconductor 
base layer on the opposite skies of said second 
areas to said first area for forming semiconduc- 
tor layers (14a/14b) on said third areas; and 

f) introducing a dopant impurity through said 
semiconductor layers into a shallow surface 
portions (10d/10e) of said semiconductor base 
layer, 



includes a pad layer (1 1 e/1 1 f) of a first insulat- 
ing material held in contact with one of said 
second areas and a spacer layer (1 1 g/1 1 h) of a 
second insulating material formed on said pad 
layer, 

the epitaxial growth of said semiconductor 
material being carried out under conditions 
imparting a small selectivity between said sem- 
iconductor material and said first insulating 
material for forming said semiconductor layers 
(I4a/I4b) without a facet in boundaries to said 
pad layers (11 e/1 if) and a large selectivity 
between said semiconductor material and said 
second Insulating material for preventing said 
spacer layers (11g/11h) from a deposition of 
said semiconductor material. 

6. The process as set forth in claim 5, in which said 
step d) includes the sub-steps of 

d-1) depositing said first insulating materia) 
over the entire surface of the resultant structure 
of said step c) so as to form a first insulating 
layer (12a). 

d-2) depositing said second insulating material 
over the entire surface of said first insulating 
layer (12a) so as to laminate a second insulat- 
ing layer (12b) on said first insulating layer 
(12a), and 

d-3) anisotropic^ etching said first insulating 
layer (12a) and said second insulating layer 
(12b) so as to form said side wall spacers 
(11c/11d). 

7, The process as set forth in claim 5, in which said 
semiconductor material, said first insulating mate- 
rial and said second insulating material are silicon, 
silicon nitride and silicon oxide, respectively 



40 8. 



45 9. 



50 



55 



characterized in that 



each of said side wall spacers (11c/11d) 



The process as set forth in claim 7, in which said sil- 
icon fe epitaxialiy grown on said third areas by using 
a chemical vapor deposition in vacuum at 600 
degrees to 650 degrees in centigrade. 

The process as set forth in claim B, in which said 
chemical vapor deposition is carried out by using 
one of a gaseous mixture containing SfeHe and 
B2H 6 and a gaseous mixture containing Si^ with- 
out B^. 



10. The process as set forth in claim 5, in which said 
semiconductor layers (14a/14b) are 30 nanometers 
to 50 nanometers in thickness, and an ion implanta- 
tion followed by rapid annealing is carried out in 
said step f). 

11. The process as set forth in claim 10, in which said 
dopant impurity is As implanted at dose of 3 x 10 15 
cm- 2 under an acceleration energy of 50 KeV. 



6 



SNSDOCIO <EP 0780907 A2.. I _> 



11 EP0 780 907 A2 12 



12. The process as set forth in claim 10. in which said 
dopant impurity is BF 2 implanted at dose of 3 x 1 0 1 5 
cm' 2 under an acceleration energy of 70 KeV. 
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